A code named SIGACE has been developed as a tool for MCNP users within the scope of a research contract awarded by the Nuclear Data Section of the International Atomic Energy Agency (IAEA) (Ref: 302-F4-IND-11566 B5-IND-29641). A new recipe has been evolved for generating high-temperature ACE files for use with the MCNP code. Under this scheme the low-temperature ACE file is first converted to an ENDF formatted file using the ACELST code and then Doppler broadened, essentially limited to the data in the resolved resonance region, to any desired higher temperature using SIGMA1. The SIGACE code then generates a high-temperature ACE file for use with the MCNP code. A thinning routine has also been introduced in the SIGACE code for reducing the size of the ACE files. The SIGACE code and the recipe for generating ACE files at higher temperatures has been applied to the SEFOR fast reactor benchmark problem (sodium-cooled fast reactor benchmark described in ENDF-202/BNL-19302, 1974 document). The calculated Doppler coefficient is in good agreement with the experimental value. A similar calculation using ACE files generated directly with the NJOY system also agrees with our SIGACE computed results. The SIGACE code and the recipe is further applied to study the numerical benchmark configuration of selected idealized PWR pin cell configurations with five different fuel enrichments as reported by Mosteller and Eisenhart. The SIGACE code that has been tested with several FENDL/MC files will be available, free of cost, upon request, from the Nuclear Data Section of the IAEA.
INTRODUCTION
The Monte Carlo code for neutron and photon transport [1] (MCNP) is one of the most widely used codes for neutron-transport problems. The code treats an arbitrary three-dimensional configuration of materials in geometric cells bounded by first-and second-degree surfaces. Pointwise cross-section data are used for neutron, photon, and electron transport. For neutrons, all reactions in a particular crosssection evaluation are accounted for in a special formatted file known as the ACE [1] (A Compact ENDF) file. The ACE files are usually processed either at zero degrees Kelvin or at 300 K in the original distribution. Many areas of studies such as ADS (Accelerator Driven System), fusion reactor blankets, and fast reactor design require nuclear cross-section data at some higher temperature, which as of now can only be generated using the NJOY [2] code system by processing the basic evaluated nuclear data file in ENDF format [3] .
The use of MCNP for the analysis of any problem or experimental benchmark would require ACE files at a temperature specific and appropriate to the problem. The process of generating high-temperature ACE files from low-temperature ENDF data files involves Doppler broadening of the reaction cross sections to the desired temperature. We have used the SEFOR [4] fast-reactor benchmark and the numerical benchmarks for the Doppler coefficient of reactivity at conditions characteristic of the operating PWRs as constructed by Mosteller and Eisenhart.
SIGACE CODE AND RECIPE
We have developed a new recipe for generating high-temperature ACE files. A code named SIGACE [5] has been developed under the IAEA research contract for the same. The motivation behind this work is to provide the users of MCNP a tool for generating high-temperature ACE files without going through the NJOY process, which requires a specialized expertise. The ACE files either at zero Kelvin or at 300 K distributed with the MCNP package can be used as the starting point. The recipe for generating high-temperature ACE files makes use of other codes like ACELST written by A. Trkov and SIGMA1 written by D.E. Cullen. The lowtemperature ACE file is first converted to an ENDF file using the ACELST code, which is then Doppler broadened to any desired temperature using the SIGMA1 module of the PREPRO [6] code system. Processing the Doppler-broadened ENDF file and the low-temperature ACE file using the SIGACE code then generates a new ACE file. SIGACE performs unionization of the energy grid. All the reactions present in the Dopplerbroadened ENDF file are interpolated over the new energy grid and position flags are reset in the ACE file. The energy and angular distribution data are copied over from the low-temperature ACE file without any modification. A thinning option has also been introduced in SIGACE to reduce the file size of ACE data. During our consultancy at the IAEA-NDS various ACE files were generated using the SIGACE approach at the desired temperature. These files were then compared with the ACE files generated through the NJOY code system. We found that the two ACE files are in good agreement. The SIGACE approach has been integrally validated and benchmarked using the SEFOR [4] (sodium-cooled fast-reactor benchmark) and numerical benchmarks constructed by Mosteller and Eisenhart.
SEFOR BENCHMARK ANALYSIS
The SEFOR reactor was designed to provide a Doppler measurement in an environment that is representative of an operating LMFBR, with respect to neutron spectrum, fuel temperature range, reactor composition, and the fuel microstructure. Standard fuel for SEFOR was mixed oxide (20% PuO 2 , 80% UO 2 ) in which the Pu contained a minimum amount of 240 Pu (~8% of the Pu) and the U was depleted in 235 U. More details can be found in the Fast Reactor Benchmark No. 14, Report No. BNL-19302 (ENDF-202), entitled "ENDF-202, Cross Section Evaluation Working Group Benchmark Specifications," Nov 1974, National Neutron Cross Section Center, BNL, USAEC. A one-dimensional spherical model is analyzed in the present study. Although the spherical model does not provide a very accurate description of SEFOR, it gives a computed Doppler coefficient within 2% and k eff within 0.5% of that computed for the two-dimensional model. The atom densities in each region in the units of atom/barn-cm and the isothermal Doppler coefficient calculation model are available in [2] . O constituting the SEFOR experimental benchmark, from the ENDF/B-VI.8 library were processed using the NJOY99.50 code system at the IAEA. These basic evaluated nuclear data files were processed at three different temperatures of 300 K, 677 K, and 1365 K. Using these ACE files with the MCNPX code, the k eff was calculated at two temperatures of 677 K and 1365 K. The results obtained for the SEFOR Doppler benchmark using MCNPX and ACE files generated directly from the ENDF/B-VI.8, library with NJOY, are as follows: The final value including the heterogeneity correction is -0.0077 ± 0.0013, which is consistent with the MCNPX calculation.
SEFOR ANALYSIS USING NJOY-MCNP PROCEDURE
Thus the computed Doppler coefficient using the MCNP code with the ACE files generated by processing ENDF/B-VI.8 nuclear data files with NJOY code agrees with the experimental results.
SEFOR ANALYSIS USING SIGACE PROCEDURE
To generate ACE files at desired temperatures for the SEFOR benchmark analysis we first run ACELST to convert the ACE file at 300 K to the ENDF file; secondly we used SIGMA1 code to obtain a Doppler-broadened ENDF file at 677 K / 1365 K and then SIGACE to generate the hightemperature data in ACE format. The Doppler coefficient of the SEFOR core is calculated using these ACE files with the MCNPX code. The results obtained are presented below: Adding the correction factor of -0.0005 for modeling the calculated value of the Doppler coefficient for the SEFOR benchmark is -0.0087± 0.0013. This compares well with the experimental result of -0.0080 ±0.0010 and our earlier obtained NJOY-MCNPX result of 0.0081±0.0013. Thus the ACELST-SIGMA1-SIGACE approach for generating ACE files gives consistent results. The ACE files were also compared visually using the COMPLOT program with the NJOY-generated ACE files for possible deviation from the directly processed cross sections. It has been found that the ACE files generated using this approach are consistently close to the NJOY-generated ACE files when compared with using the COMPLOT program.
MOSTELLER NUMERICAL BENCHMARK ANALYSIS
A set of numerical benchmarks for the Doppler coefficient of reactivity at conditions characteristic of the operating PWRs have been constructed by Mosteller and Eisenhart. The Doppler coefficient for slightly idealized pressurized water-reactor pin cells was calculated with the MCNP-3A continuousenergy Monte Carlo code using data taken directly from the ENDF/B-V nuclear data library. The set of numerical benchmarks reported by Mosteller and Eisenhart has been used to evaluate the accuracy of LWR lattice physics codes in predicting Doppler behavior at operating conditions. The geometry studied corresponds to an infinite array of infinitely long PWR pin cells with the cell dimensions given [6] and a schematic of the cell is available in [6] .
The pin cell is further idealized by assuming that the cladding is of natural zirconium rather than an alloy. Further, the gap between the fuel pellet and the cladding is homogenized with the cladding to form a single region and the uranium in the fuel pellet is assumed to contain only 235 U and 238 U. The set of numerical benchmarks is described for fuel pins of five different enrichments at each of the two thermalhydraulic conditions. The five enrichments span the range from natural uranium (0.711 wt% 235 U) to 3.9 wt% enriched uranium. The two thermalhydraulic conditions are characteristic of PWRs at Hot Zero Power (HZP) and Hot Full Power (HFP), respectively, and differ only in the temperature of the fuel pellet. The HZP is assumed to correspond to a uniform temperature of 600 K while HFP corresponds to a uniform fuel temperature of 900 K but is otherwise identical to HZP.
We have used these sets of numerical benchmark calculations for the validation of the SIGACE code and the recipe for generating high-temperature ACE files. First, we use the NJOY code system to generate ACE files at 300 K, 600 K, and 900 K for 16 O, 235 U, and 238 U isotopes from ENDF/B-VI.8 evaluated cross-section data files. ACE files were also generated for natural zirconium, 1 H and 10 B 600 K temperature. Eigenvalues were calculated by using the MCNP code for varying fuel enrichments at 600 K and 900 K, respectively.
Assuming the ACE files for the all the isotopes to be given at 300 K, the SIGACE code was used to generate ACE files for benchmark constituents isotopes at the desired temperature of 600 K and 900 K. Eigenvalues using these ACE files with the MCNP code shows good agreement with the eigenvalues calculated from NJOY-generated ACE files and with the benchmark eigenvalues reported by Mosteller and Eisenhart. Benchmark calculations were also performed with ACE files generated by the SIACE code with 1% thinning tolerance. The eigenvalue calculations are summarized in Tables 1  and 2. . 
